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report. 
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FOREWORD 
Aerojet-General Corporation i s  proceeding wi th  the  design and development of 
t he  SNAP-8 Power Conversion System, as authorized by National Aeronautics and Space 
Administration (NASA) Contract No. NAS 5-417. 
The ul t imate  ob jec t ive  of the  SMP-8 Program i s  t o  design and develop a 35- 
kw e l e c t r i c a l  generat ing system f o r  use i n  var ious space missions.  The power source 
w i l l  be a nuclear r eac to r  furnished by t h e  Atomic Energy Commission (AEC) .  
SNAP-8 system w i l l  use a e u t e c t i c  mixture of sodium and potassium ( N a K )  as the  reac-  
t o r  coolant and w i l l  opera te  on a Rankine cycle ,  wi th  mercury as t h e  working f l u i d  
f o r  the  turbogenerator .  It is  t o  be launchable from a ground base and be capable 
of unattended full-power opera t ion  f o r  a minimum of 10,000 hours.  
is placed i n t o  o r b i t ,  i t  i s  t o  be capable of a c t i v a t i o n  and shutdown by ground 
command. 
The 
Af te r  t h e  system 
This i s  the  f i r s t  of two volumes comprising t h e  semiannual ma te r i a l s  r epor t  
submitted i n  p a r t i a l  f u l f i l l m e n t  of t he  con t r ac t .  Volume I1 covers t h e  development 
of component mater ia l s .  
The program was under t h e  d i r e c t i o n  of R .  S .  Carey, Mater ia l s  Department 
Manager, SNAP-8 Division, Von Karman Center .  
t h e  work reported i n  t h i s  volume: H .  B l e i l ,  F .  Cassidy, R .  P .  Dillingham, and 
W. A .  Hewgley. 
The fol lowing engineers  cont r ibu ted  t o  
The suggestions and guidance of P.  L .  Stone and J .  P.  Merutka, SNAP-8 P ro jec t  
Office,  Lewis Research Center, NASA, a r e  g r a t e f u l l y  acknowledged. 
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GLOSSARY 
Abbreviations commonly used in the SNAP-8 Program are defined below. 
Alternator assembly 




Award of contract 
Acceptance test loop 
NASA - Azusa Field Office 
Beneficial occupancy date 
Cold-gas electrical system test 
Corrosion loop (AGN) 
Ceramic potting compounds 
Component test loop (AGN) 
Digital data acquisition system 
Drawing 
Electric a1 -di scharge machining 
Efficiency 
Electrical generating system 
Electromagnet i c 
EleTtromagnetic equivalent 
Flight prototype system 
Flight prototype test facility 


























Heat rejection fluid 
Heat rejection loop 
Heat rejection system 
Heat-transfer loop 
Lubricant/coolant 
Lub ri c ant /eo olant loop 
Lewis Research Center 
Liquid mercury loop 
Liquid mercury stand 
Liquid NaK loop 
Liquid organic loop 
Liquid organic stand 
Low power loop 
Mercury injection system 
Polyphenyl ethers considered 
as lubricant/coolant fluids 
fo r  the PCS* 
Pyre-ML, Du Pont polyimide 
organic resin; as employed 
in statorette serial numbers, 
indicates the use of this 
substance 
Mercury loop assembly 
Mercury-ni trogen system 
MPMA Mercury pump motor assembly 
NaK Eutectic mixture of sodium 
Company 
stand 
system and potassium 
test facility NASA National Aeronautics and 
Space Admini st rat ion ML (q-) 
* 
Mix-4P3E is bis(mix-phenoxyphenyl) ether, a mixture of the six possible isomers of 
.his( phenoxyphenyl) ether. 
ture of the 18 possible isomers of bis( phenoxyphen0xy)benzene. 
Mix-5P4E is mix-bis (mix-phenoxyphenoxy)benzene, a mix- 
V 






























GLOSSARY (cont . ) 
Nuclear facility 
NaK heat-rejection assembly 
NaK pump assembly 
NaK pump motor assembly 
Nuclear power system 
Net positive suction head 
Nuclear system 
NaK simulation loop 
Oak Ridge National Laboratory 
Plum Brook Reactor Facility 
Power Conversion System No. 1 
Power Conversion System No. 2 
Power Conversion System No. 3 
Power Conversion System No. 4 
Power factor 
Primary loop 
Parasitic load resistor 
Pump motor assembly 
Primary NaK loop assembly 
Purchase order 
Preliminary type-approval test 
Pressure-volume-temperature 
Rockwell B (hardness ) 
Rated power loop 
Speed control 

























SNAP-8 experimental reactor 
System Loop Test Facility No. 1 
System Loop Test Facility No. 2 
System Loop Test Facility No. 3 
System Loop Test Facility No. 4 
Structural mockup 







Thermal convection loop (AGN) 
Transformer-reactor (assembly) 
Test section 
Thompson Ram0 Wooldridge 
Test support equipment 
Vehicle load breaker 
Voltage regulator-exciter 
Without 
Western Operations Office 
Standing alone (i.e., not 
preceded by letters of the 
alphabet), these designations 
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SNAP-8 MATERIALS HEPORT FOR JANUARY-JUNE 1964 
VOL. I - ELECTRICAL INSULATION DEVELOmNT 
by R.  P. Dillingham 
Aero jet-General Corporation 
SUMMARY 
1. An inorganic- insulated motor has been operated f o r  8000 hours a t  45OoF 
wi th  s t e a d i l y  improving e l e c t r i c a l  values .  
2 .  Screening tests have been run on 16 organic-encapsulant r e s i n s ,  r e s u l t -  
ing i n  t h e  s e l e c t i o n  of s i x  f o r  the  r ad ia t ion -e f f ec t s  program and of  t h r e e  of  those  
s ix  f o r  f u r t h e r  trials i n  control-system components. 
3 .  L i f e  t e s t i n g  of  organic- insulated s t a t o r e t t e s  was continued a t  392OF, 
wi th  no ind ica t ion  of  f a i l u r e  wi th  respect  t o  in su la t ion - re s i s t ance  values .  
4. Na.K pump-motor-assembly (PMA) i n s u l a t i o n  development was f i n a l i z e d ,  and 
u n i t  cons t ruc t ion  was continued. 
5.  Materials f o r  t h e  r ad ia t ion -e f f ec t s  program were assembled, t e s t e d ,  and 
shipped t o  the  r eac to r  vendor f o r  i r r a d i a t i o n .  
6. The Aerojet-designed terminals  f o r  t h e  €MAS were received,  tes ted,  and 
accepted for cons t ruc t ion .  
7. A new type of  monitoring method was devised and checked o u t  f o r  long- 
term temperature t e s t i n g  of ceramic terminals  under vacuum condi t ions .  
8. The compat ib i l i ty  of  copper and mix-kP3E polyphenyl e t h e r  was s tudied ,  
and it w a s  t e n t a t i v e l y  concluded t h a t  t h e  mater ia l s  a r e  compatible i f  no oxygen or 
oxygen source i s  p resen t .  
9. 
r e s i n s  se l ec t ed  by t h e  screening program i n  s t r a i n - s e n s i t i v e  components of  t h e  con- 
t r o l s  system. 
Development work was s t a r t e d  wi th  t h e  a i m  of  u t i l i z i n g  t h e  organic  
v i i  
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I - INTRODUCTION 
The ob jec t ives  of t h e  SNAP-8 E l e c t r i c a l  I n s u l a t i o n  Development Program a r e  
(a )  t o  s e l e c t ,  t e s t ,  and eva lua te  i n s u l a t i n g  ma te r i a l s  and systems t h a t  are ap- 
p l i c a b l e  t o  t h e  various SNAP-8 e l e c t r i c a l  components; ( b )  t o  f a b r i c a t e  inorganic 
i n s u l a t i o n  systems f o r  t he  hea t - re jec t ion- loop  (HRL)  and primary-loop N a K  motors; 
and ( c )  t o  coordinate Aerojet-General subcont rac tor  a c t i v i t i e s  i n  t h e  a r e a  of e l e c -  
t r i c a l  i n s u l a t i o n .  
The emphasis during t h e  f i rs t  and second qua r t e r s  of 1964 was on app l i ca t ion  
of prev ious ly  engineered systems t o  hardware u n i t s  and on necessary modif icat ions 
revealed by cons t ruc t ion .  Some long-term t e s t i n g  w a s  continued, and some ma te r i a l  
screening f o r  t h e  r a d i a t i o n - e f f e c t s  program was completed. 
The period was f u r t h e r  charac te r ized  by completion of t h e  f i r s t  inorganic- 
i n su la t ed  s t a t o r  and t h e  a r r i v a l  and acceptance of Aerojet-designed te rmina l  i n -  
s u l a t o r s  f o r  the pump-motor assemblies (aiuls). 
I n  a d d i t i o n  t o  t h e  reported work, advice and l abora to ry  a i d  were rendered i n  
many a r e a s  not s p e c i f i c a l l y  covered by t h e  i n s u l a t i o n  program, such as leak-detec- 
t i o n  methods f o r  t h e  tu rb ine -a l t e rna to r  assembly, r e p a i r  of the  mercury-pump motor, 
and i n s t a l l a t i o n  of r o t o r  cans on the  NaK PMA r o t o r s .  / k + x E  r 
11. TEST RESULTS AND ANALYSIS 
A .  HIGH-TEMPERATURE MOTOR TEST 
The t e s t i n g  of an inorganic- insu la ted  motor t o  determine t h e  long-term 
d i e l e c t r i c  s t r e n g t h  of t he  i n s u l a t i o n  system was continued. The motor s t a t o r  was 
f a b r i c a t e d  previous ly  f o r  t h e  o r i g i n a l  two-loop SNAP-8 system, and t h e  i n s u l a t i o n  
system used i n  t h e  s t a t o r  i s  e s s e n t i a l l y  t h e  same as t h a t  now being employed i n  t h e  
new HRL and primary-loop N a K  motors. This 1000-cps motor - (Figure 1) has e x t e r n a l  
bear ings  and opera tes  on a reduced 60-cps vol tage  t o  e l imina te  t h e  need f o r  a 
s p e c i a l  power supply.  
The u n i t  has operated s a t i s f a c t o r i l y  f o r  8000 hours t o  d a t e ,  w i th  a 
winding hot-spot temperature of 45O0F. 
r e s i s t a n c e  has not changed s i g n i f i c a n t l y  through 8000 hours of aging at 45OoF. 
These r e s u l t s  i n d i c a t e  t h a t  t h e  inorganic i n s u l a t i o n  system i s  s t a b l e  and i s  there- 
f o r e  promising f o r  long-term operation a t  45OoF - a l e v e l  a n t i c i p a t e d  f o r  t h e  new 
NaK motors .  
A s  shown i n  Figure 2, t h e  winding i n s u l a t i o n  
The t e s t  temperature has been ranging from 427 t o  45OoF because it i s  
not  c o n t r o l l e d  by a h e a t  source o ther  than  t h e  motor i t s e l f ,  bu t  is dependent on t h e  
h e a t  l o s s e s  through t h e  i n s u l a t i o n  l aye r  surrounding t h e  u n i t .  
B. EVALUATION OF ORGANIC RESINS 
E f f o r t s  were continued with t h e  a i m  of determining t h e  most promising or- 
ganic  r e s i n s  t o  use i n  impregnating and encapsulating t h e  a l t e r n a t o r  e l ec t ron ic -con t ro l  
1 
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components. 
t hese  w a s  eliminated from f u r t h e r  cons idera t ion  during t h i s  report per iod,  because 
of undesirable  handling c h a r a c t e r i s t i c s .  Two add i t iona l  r e s i n s  se lec ted  by General 
E l e c t r i c  Company (GE) f o r  use i n  t h e  s~Ap-8 a l t e r n a t o r  and vol tage regula tor -  
e x c i t e r  were included i n  t h e  program, br inging t o  16 t h e  t o t a l  number undergoing 
screening.  
F i f t een  r e s i n s  had previously been se l ec t ed  f o r  eva lua t ion .  One of 
I 
A weight-loss t e s t  w a s  se lec ted  f o r  i n i t i a l  screening of t h e  16 r e s i n s .  
This t e s t ,  which is based on MIL-I-16923D spec i f i ca t ions ,  provides ind ica t ions  of 
t h e  thermal s t a b i l i t y  of  r e s i n s .  
p e t r i  d i shes  about 2 i n .  i n  diameter and 1/2 i n .  i n  he igh t .  Following cur ing  i n  
accordance wi th  recommendations made by the  r e s i n  manufacturer, t h e  samples were 
removed from t h e  d i shes .  The samples were then  
Samples of t h e  var ious r e s i n s  were c a s t  i n  g l a s s  
1. Dried a t  220°F i n  air f o r  24 hours t o  remove moisture and 
low-temperature v o l a t i l e s  
2. Cooled t o  room temperature i n  a des i cca to r  and weighed t o  
t h e  neares t  0.1 mg on an  a n a l y t i c a l  balance 
Thermally aged f o r  168 hours at 392OF i n  a furnace w i t h  
forced -air v e n t i l a t i o n  
3.  
4. 
Table 1 summarizes the  weight- loss  d a t a  obtained f o r  the  16 r e s i n s  fo l -  
Another t e s t  
Subjected aga in  t o  S tep  2.  
lowing 168 hours a t  392OF. 
con t ro l  f a i l u r e  during the  second 168-hour run destroyed t h e  samples. 
was then i n i t i a t e d  wi th  smal le r  samples t h a t  were c a s t  at  t h e  same time as t h e  
o r i g i n a l  samples. 
up t o  1196 hours.  
Test ing of  t h e  samples w a s  resumed, but  a furnace-  
Table 2 summarizes the  weight- loss  d a t a  f o r  the  second sample run 
C ORGANIC-INSULATED STATORETTES 
The t e s t i n g  of promising organic i n s u l a t i o n  systems appl ied  i n  s t a t o r -  
core  sec t ions  was continued. The procedure c o n s i s t s  of exposing t e s t  u n i t s  
( s t a t o r e t t e s )  e i t h e r  t o  a i r  o r  t o  organic  f l u i d s  [polyphenyl e t h e r s ,  mix-kP3E (Dow 
ET-378 used i n  t h i s  program) o r  mix-5P4E (Monsanto OS-124 i n  t h i s  programg i n  a 
furnace a t  392OF. 
tems a r e  undergoing eva lua t ion .  Four of t h e  u n i t s  were aged i n  air and serve  as 
con t ro l s .  
Throughout t h e  t e s t ,  t h e  s ta tore t te -winding  i n s u l a t i o n  r e s i s t a n c e  ( h e r e a f t e r  r e fe r r ed  
t o  as "IR") was measured t o  e s t a b l i s h  t rends  i n  t h e  condi t ion  of t h e  e l e c t r i c a l  
i n s u l a t i o n .  
Eight  s t a t o r e t t e s  using four  candidate  organic  i n s u l a t i o n  sys-  
O f  the  remaining fou r ,  two were immersed i n  mix-4P3E and two i n  mix-5P4E. I 
I Table 3 provides a desc r ip t ion  of t h e  i n s u l a t i o n  systems used i n  t h e  e igh t  s t a t o r e t t e s .  
The most s ign i f i can t  r e s u l t s  and t e n t a t i v e  conclusions reached thus  far are sum- 
marized below. 
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1. S t a t o r e t t e s  HML-1 and HML-2 
S t a t o r e t t e s  HML-1 and HML-2 have each accumulated 10,000 hours of 
Following 9709 hours a t  392'F, t he  c o n t r o l  u n i t  (HML-2), opera t ing  aging a t  392OF. 
i n  air ,  had an  I R  of 6.7 x 1011 ohms as compared wi th  8.9 x 109 ohms f o r  HML-1, 
which w a s  immersed i n  mix-5P4E f l u i d .  
u n i t s  following only  240 hours of aging a t  392OF are approximately t h e  same as for  
t h e  9709-hour aging point ,  it appears t h a t  t h e  f l u i d  i s  compatible wi th  ML-polymer 
materials. It should be noted, however, that t h e  r e s i s t i v i t y  of t he  f l u i d  i s  less 
than  t h a t  of air  a t  392OF, based on a comparison of I R  values obtained f o r  the two 
u n i t s .  
e l e c t r i c a l  system should the re fo re  include the  f a c t  t h a t  t h e  system's I R  w i l l  be  
lowered t o  a base value, but w i l l  not m a t e r i a l l y  change f o r  10,000 hours a t  392OF. 
These s t a t o r e t t e s  have been removed from the  test furnace  and s t o r e d .  The values 
shown i n  Tables 4 and 5 were taken before the  end of t h e  10,000-hour t e s t .  
Because t h e  corresponding I R  values f o r  t h e s e  
Any cons idera t ion  of t h i s  ma te r i a l  as a working f l u i d  i n  contac t  w i th  t h e  
2. S t a t o r e t t e s  ML/997-1 and ML/997-2 
S t a t o r e t t e s  ML/997-1 and ML/997-2 have each accumulated 10,000 
hours of  aging a t  392OF. 
end of t h e  10,000-hour t e s t .  
i n  air ,  has shown an I R  of about 5.0 x 10l1 ohms. 
immersed i n  mix-5PkE f l u i d  throughout t he  same period, exhib i ted  an I R  range of 2.2 
x lo9 t o  1.3 x lo1' ohms. 
mix-5P4E i n  the  s t a t o r e t t e  conta iner  r e s u l t i n g  from evaporation of the f l u i d .  A s  
an  example, f o r  complete immersion i n  t h e  f l u i d ,  t h e  I R  was found t o  be about 109 
ohms. When a por t ion  of t h e  s t a t o r e t t e  winding was ex sed t o  a i r  following evapora- 
it appears t h a t  t h e  i n s u l a t i n g  mater ia l s  used i n  these  s t a t o r e t t e s  a r e  compatible 
wi th  mix-5PkE; as w a s  t h e  case f o r  HML-1, however, t h e  winding I R  i s  reduced s i g -  
n i f i c a n t l y  by mix-5PkE. 
The values shown i n  Tables 6 and 7 were taken before  t h e  
Throughout t h e  t e s t ,  t h e  c o n t r o l  u n i t  (ML/997-1), aged 
The ML/997-2, a similar un i t  
This v a r i a t i o n  i s  a t t r i b u t e d  t o  changes i n  the  l e v e l  of 
t i o n  of some of t h e  f l u i d ,  t h e  I R  increased t o  the  10 lf3" -ohm l e v e l .  On t h i s  b a s i s ,  
These s t a t o r e t t e s  have a l s o  been removed and s to red .  
3. S t a t o r e t t e s  ML-3 and ML-5 
S t a t o r e t t e s  ML-3 and ML-5 have each accumulated 4356 hours o f  ag- 
i ng  a t  392OF (Tables 8 and 10) .  
a n  I R  between 7.0 x 10l1 ohms and i n f i n i t y  (1012 ohms o r  more). 
u n i t  immersed i n  mix-kP3E f l u i d ,  exhibited an I R  of 6.6 x lo7 ohms following 45 
hours of aging. 
Following 2732 hours of aging, no f l u i d  remained i n  the s t a t o r e t t e  conta iner  and t h e  
I R  had increased t o  9.0 x 1010 ohms. Af t e r  4356 hours, add i t iona l  f l u i d  o r i g i n a l l y  
absorbed i n  t h e  winding apparent ly  had evaporated, because t h e  I R  increased t o  
3.7 x lox1 ohms. 
t i o n  system; however, t h e r e  i s  no evidence as ye t  t h a t  the f l u i d  i s  chemically i n -  
compatible wi th  t h e  i n s u l a t i n g  mater ia l s  used i n  t h e  s t a t o r e t t e s .  
The con t ro l  u n i t  (ML-? ) ,  aged i n  a i r ,  has maintained 
The ML-3, a similar 
Then, as evaporation of mix-4P3E occurred, t h e  winding I R  increased .  
These observations show t h a t  mix-kP3E reduces the  I R  of t he  i n s u l a -  
4. S t a t o r e t t e s  ML-4 and ML-6 
, 
S t a t o r e t t e s  ML-4 and ML-6 have each accumulated 4356 hours o f  aging 
a t  392OF (Tables 9 and 11). The con t ro l  s t a t o r e t t e  (ML-6), aged i n  a i r ,  has maintained 
3 
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., & 
a winding I R  of from 1.7 x lo1' ohms t o  i n f i n i t y  
t e s t .  
ohms a f t e r  45 hours of aging.  
remained i n  the  t e s t  conta iner  a f t e r  2732 hours of y n g .  The winding I R  at  t h i s  
poin t  i n  t h e  t e s t  had increased s l i g h t l y  t o  3 .2  x 10 
ohms o r  more) throughout the  
The ML-4,a similar u n i t  immersed i n  mix-kP3E f l u i d ,  showed an I R  of 4.4 x lo7 
Evaporation of t h e  f l u i d  occurred so r a p i d l y  t h a t  none 
I ohms. 
I Inspec t ion  following 2732 hours of aging showed t h a t  mix-4P3E had 
chemically attacked the  varn ish  (Westinghouse Doryl) t h a t  was used t o  impregnate t h e  
winding. 
improvement i n  I R  values ( m a x i m u m  of 1 .7  x 1O1O ohms), a l though t h e  varnish i s  ap- 
pa ren t ly  badly de t e r io ra t ed .  
measurements following 10,000 hours of  aging a t  392OF a r e  required t o  e s t a b l i s h  t h e  
f u l l  ex ten t  of insulation-system degradat ion.  





E l e c t r i c a l  monitoring of the  s t a t o r e t t e s  w i l l  continue u n t i l  t h e  
u n i t s  have accumulated 10,000 hours of  aging at 392OF. 
s t a t o r e t t e s  w i l l  be inspected and e l e c t r i c a l l y  t e s t e d  t o  des t ruc t ion  t o  determine 
t h e  f i n a l  condi t ion of t he  in su la t ion .  
Following 10,000 hours,  a l l  
De HRL AND PRIMARY-LOOP NaK-MOTOR INSULATION DEVELOmNT 
Effor t s  were continued w i t h  the  a i m  of improving the  techniques used i n  
The techniques and procedures descr ibed 
handling, applying, and processing inorganic e l e c t r i c a l - i n s u l a t i n g  materials used 
i n  the  -1 HRL and primary-loop N a K  motors. 
below were developed and were incorporated i n  t h e  winding procedure for t h e  NaK 
motors (Ref .  1). 
1. Aluminum r ings  were f ab r i ca t ed  f o r  use  i n  supporting the  ends of 
the s t a t o r - s l o t  l i n e r  i n s u l a t i o n  during winding ope ra t ions .  
end tu rns  of t he  c o i l  t o  be f lexed  without developing excessive mechanical fo rces  
on the  s l o t  l i n e r s ,  thus preventing damage t o  t h e  l i n e r s .  
These r ings  permit t h e  
I 
1 
2 .  Teflon i n s e r t s  were constructed f o r  use  i n  supporting t h e  s i d e s  
of  the  s l o t  l i n e r s  t h a t  extend beyond the  ends of t h e  s t a t o r  s l o t s .  These i n s e r t s  
p ro t ec t  the  s l o t  l i n e r s  from bending forces  encountered during i n s t a l l a t i o n  of t h e  






3.  Mylar pressure-sens i t ive  t ape  i s  used t o  t ape  t h e  tops  o f  t he  
l i n e r s  i n  t h e  s t a t o r  s l o t s  t o  t h e  core; t h i s  prevents  s l o t - l i n e r  s h i f t i n g  during 
c o i l  i n s t a l l a t i o n .  
4. Burrs are removed from the s t a t o r  core-end laminatione by manual 
f i l i ng  of the  lamination edges, followed by vapor honing of t h e  edges wi th  a ceramic 
s l u r r y .  
5 .  The f i rs t  s i x  c o i l s  ( r a t h e r  than f o u r )  placed i n  t h e  s l o t s  are 
l e f t  with the  opposite c o i l  s i d e  open un t i l  completion of the remaining c o i l  throws 
around t h e  s t a t o r  bore .  
6 .  More Mylar wrapping i s  added t o  t h e  f i rs t  s i x  c o i l  s i d e s  f o r  i n -  
creased f l e x i b i l i t y  a t  t h i s  p ivot  po in t ,  i n  accordance wi th  S tep  1. 
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7. The use of a superior  impregnated wire wi th  an improved non-ravel- 
ing tendency g r e a t l y  s impl i f i e s  t he  working of wires  i n t o  t h e  s l o t s .  
I n  addi t ion ,  t he  s t r eng th  of terminals  was improved by using a s p e c i a l  
p res t ressed  terminal  (Figure 3 ) .  
Steps 5 and 6 above are shown i n  photographs taken a t  the  i n i t i a l  wind- 
ing of  the  prototype HRL s t a t o r  assembly (Figures  4 and 5 ) .  
of the  f irst  s i x  c o i l s  p r i o r  t o  f i n a l  c o i l  i n s e r t i o n  i s  i l l u s t r a t e d ,  and a closeup 
of  t he  s l o t  por t ion  i s  shown. This enlargement of the  " c o i l  throw" a r e a  shows the  
s lo t - ce l l -p ro tec t ion  r i n g  i n  t h e  lower edge of the  photo and t h e  unruf f led  c o i l  
geometry before  and a f t e r  s l o t  e n t r y .  
The i n i t i a l  "hold-back" 
The motor-winding drawings were revised t o  include a l l  the  minor devia-  
t i ons  from the  drawing incorporated in  t h e  f i r s t  -1 s t a t o r s .  Adjustments were r e -  
quired t o  f a c i l i t a t e  wire  and in su la t ion  i n s t a l l a t i o n  i n  s l o t - l i n e r  and phase- 
separa tor  dimensions, end-turn s i z e ,  neu t r a l  buss connections and placement, e x t r a  
i n s u l a t i o n  i n  the  slot-to-wedge t o p  s t i c k ,  and perimeter s i z e  (Figures  6 and 7 ) .  
The winding and in su la t ing  techniques employed i n  t h e  present  f ab r i ca -  
t i o n  method (3-week cycle  per s t a t o r  assembly, not including encapsulat ion)  were 
developed through s tudy of a t r i a l  uni t  and r e j e c t i o n  of  t h e  f i r s t  prototype winding 
attempt.  
Addit ional  work w a s  done i n  the  a reas  of ceramic impregnation, encapsula- 
t i o n ,  and diamond gr inding .  To completely def ine  the  process of impregnating and 
encapsulat ing the  HRL and primary-loop N a K  motors with inorganic  cements, i n su la t ion -  
system models were subjected t o  a s e r i e s  of  trials. 
Two wound s t a t o r s  (HTM-5 and HTM-6) ava i l ab le  from the  previous SNAP-8 
two-loop-system program were i n s t a l l e d  i n  housings and were conditioned as fol lows:  
Unit  HTM-5 w a s  impregnated with a low-viscosity s l u r r y  of calcium aluminate cement 
and w a s  encapsulated with Norton LM-1625 cement. 
end t u r n s  were f i l l e d  wi th  the cement and v ib ra t ion  was appl ied t o  t h e  housing i n  
an  at tempt  t o  f i l l  a l l  voids i n  the  winding-end-turn a r e a s  (Figure 8 ) .  
w a s  impregnated with a low-viscosity calcium aluminate s l u r r y  and w a s  then encapsu- 
l a t e d  wi th  m-1625 cement. 
500 ps i .  
Immediately t h e r e a f t e r ,  t he  winding 
Unit HTM-6 
The encapsulant was pressed i n  p lace  a t  a pressure  of 
Following curing of t he  ceramic cements, t he  t r ia l  s t a t o r s  were sect ioned 
and inspec ted .  Sect ions of  each un i t  a r e  shown i n  Figure 9 along wi th  Unit HTM-4, 
which had. previously been encapsulated with LM-1625 cement under a pressure of 500 
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S t a t o r  Findings 
HTM-4 Some voids were found i n  the  winding end tu rns ,  but  
t h e  c e r m i c  encapsulant appeared very dense and was 
without c racks .  
HTM-5 
HTM-6 
The end t u r n s  were we l l  f i l l e d  with encapsulant,  but  
t h e  encapsulant was cracked i n  seve ra l  a r e a s .  
A s a t i s f a c t o r y  f i l l  of ceramic was achieved throughout 
t he  end-turn area,  and no cracks were observed i n  t h e  
encapsulant . 
Because it was thought t h a t  a 500-psi p ressure  might d i s t o r t  t h e  s t a t o r  
end winding and cause e l e c t r i c a l  f a i l u r e  a t  a l a t e r  time, an add i t iona l  housing wi th  
a blank s t a t o r  i n  p lace  was pot ted using a combination of v ib ra t ion  and 250-psi 
placement pressure (Figure 10). 
both curing and thermal aging f o r  168 hours a t  1000°F. 
f u t u r e  u n i t s  w i l l  consequently be reduced t o  250 p s i .  
This sample w a s  i n  exce l l en t  condi t ion following 
The process pressure  f o r  a l l  
A f i n a l  processing t e s t  w a s  run t o  check a l l  s t eps  i n  t h e  impregnation 
and encapsulation procedure.  A t r ia l  HRL-motor s t a t o r  was i n s t a l l e d  i n  a dummy 
housing; was heat-conditioned t o  remove organics;  was impregnated, encapsulated,  
and cured; and was f i n a l l y  conditioned a t  1000°F f o r  406 hours .  
cycled t e n  times from room temperature t o  1000°F. 
The u n i t  w a s  then  
Figure 11 shows t h e  u n i t  fo1,lowing the  t e s t .  No cracks were observed i n  
the  ceramic, and t h e  ma te r i a l  appeared t o  be dense and we l l  bonded. Based on t h e  
above work, a process s p e c i f i c a t i o n  (Ref .  2 )  was prepared i n  f i n a l  form and was 
i ssued .  
Concurrent wi th  work on the  la t ter  u n i t ,  a second housing was f i l l e d  wi th  
a blank s t a t o r ,  was encapsulated and cured, and was s e n t  t o  the  NaK-motor-assembling 
vendor f o r  bore-sizing and can-expansion trials. The vendor t r i e d  t o  machine t h e  
core cement with a s i n g l e  poin t  diamond, but  t h i s  approach was found t o  be u n s a t i s -  
f ac to ry .  Dry diamond gr inding w a s  then t r i e d  and was success fu l .  Ref. 2 w i l l  be 
revised t o  incorporate t h i s  change. Figures  12 and 13 show an HRL motor i n  the  as- 
c a s t  condi t ion,  and Figures 1 4  and 1 5  show t h e  same motor a f t e r  bore gr inding .  
E .  SUPPORT WORK FOR RADIATION-EFFECTS PROGRAM 
The f ab r i ca t ion  of e l e c t r i c a l - i n s u l a t i n g - m a t e r i a l  specimens f o r  eva lua t ion  
i n  the  SNAP-8 r ad ia t ion -e f f ec t s  program was e s s e n t i a l l y  completed. 
system models ( s t a t o r e t t e s  ) were fabr ica ted  . 
systems (Figure 16), and the  o the r s  use inorganic- insu la t ion  systems i d e n t i c a l  t o  
those now employed i n  t h e  HRL and primary-loop motors (F igure  17) .  
were magnet-wire-twist Specimens and organic-encapsulant cubes wi th  embedded e l e c -  
t rodes .  
Four i n s u l a t i o n -  
Two use  ML-polymer o rgan ic - insu la t ion  
Also f ab r i ca t ed  
Some of the  l a t t e r  specimens a r e  shown i n  Figure 18. 
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Altogether ,  72 encapsulant cubes were f ab r i ca t ed ,  o f  which 75% were 
organic  types and the  rest were inorganic .  Other materials used i n  t h e  program i n -  
clude var ious t apes ,  shee t s ,  laminates,  ceramic through-type te rmina ls ,  s l eev ings ,  
c lo ths ,  polyphenyl e t h e r  (mix-hP3E and mix-5PkE), and f l e x i b l e  lead  wires. Follow- 
ing f ab r i ca t ion ,  t he  s t a t o r e t t e s ,  encapsulant cubes, and w i r e - t w i s t  specimens were 
measured f o r  key e l e c t r i c a l  p roper t ies  t o  provide Aerojet  with re ference  d a t a .  
These materials and system models have been i r r a d i a t e d ,  but  p o s t - i r r a d i a -  
t i o n  t e s t i n g  had not  been completed by the  end of  t h i s  r epor t  per iod.  
Deta i led  material l i s ts  and t e s t i n g  procedures are presented i n  R e f .  3. 
F .  CERAMIC TERMINALS 
Ceramic through-type terminals  designed by Aerojet  f o r  t he  main leads  
of  t h e  HRL and primary-loop motors have been received and helium-leak-tested.  
passed t h e  l e a k  t e s t  s a t i s f a c t o r i l y .  A torque value of  15 i n . - l b  has been estab- 
l i shed  f o r  assembling t h e  te rmina l  t o  t h e  motor-housing mounts. The new te rmina l  
(Figure 3) i s  expected t o  be more r e l i a b l e  than  s tandard commercial types,  because 
it t ransmi ts  appl ied  mechanical forces  t o  t h e  motor housing d i r e c t l y  and does not 
r e l y  on the  s t r e n g t h  of t h e  ceramic-metal j o i n t  t o  r e s i s t  s t r u c t u r a l  s t r a i n .  
A l l  
E f f o r t s  were resumed on a t e s t  t h a t  w a s  previously developed t o  d e t e r -  
mine t h e  vacuum r e l i a b i l i t y  of ceramic te rmina ls  a t  e levated temperature.  Figure 19 
shows a. t r i a l  assembly i n  which a ceramic te rmina l  i s  welded t o  a metal mount, which 
i n  t u r n  i s  welded t o  a metal tube .  
glass- to-metal  seal. The procedure planned t o  eva lua te  a ceramic te rmina l  at e le-  
vated temperature i s  as fol lows:  
The metal tuke  i s  joined t o  a g l a s s  tube by a 
1. A vacuum i s  developed on t h e  assembly, and a l l  j o i n t s  are helium- 
leak-checked . 
2 .  While t h e  vacuum i s  e s t ab l i shed  i n s i d e  t h e  tube,  t h e  g l a s s  tube 
i s  flame -sealed.  
3. The assembly is placed i n  a furnace,  wi th  t h e  te rmina l  i n s i d e  and 
t h e  g l a s s  tube extended through t h e  modified furnace door (Figure 20).  
4. P r i o r  t o  and throughout t h e  t e s t  a t  elevated temperature,  t h e  
Pressure  i n s i d e  t h e  g l a s s  tube i s  monitored by means of an  e l e c t r i c  f i e l d  appl ied 
by a Tesla c o i l  (Figure 20) .  A vacuum of  about 5 x t o r r  w i l l  exh ib i t  a very 
l i g h t  b lue  co lo r ,  1 x 10-3 t o r r  i s  ind ica ted  by a l i g h t  purpLe co lor ,  5 x 
i s  ind ica t ed  by a dark  purple ,  and atmospheric pressure  i s  ind ica ted  by absence of  
c o l o r .  
t o r r  
The t e s t i n g  of four  ceramic-metal t e rmina ls  ( A l i t e  B-50-13 t ype ) ,  sea led  
t o r r ,  was completed a f t e r  500 hours of exposure a t  1000°F. 
The A l i t e  
a t  1 x 
showed no degradat ion e l e c t r i c a l l y  and no apparent  change due t o  leakage. 
D iv i s ion  of t he  U.S. Stoneware Company has been q u a l i f i e d  as a second source f o r  
ceramic-metal t e rmina l s .  
The te rmina ls  
7 
Report No. 2880, Vol. I 
The Advac terminals  (Type A 2501) f o r  the  HRL and primary-loop N a K  
No motors were received and were successfu l ly  appl ied t o  the  first HRL motor. 
leakage or welding problems were encountered. 
G . COMPATIBILITY OF COPPER AND MIX-bP3E POLYF'HENn ETHER 
The e l e c t r i c a l  windings of the  mercury-pump motor, t h e  a l t e r n a t o r ,  and 
the  L/C-pump motor a r e  exposed t o  mix-kP3E vapor and/or l i q u i d .  
t i o n  system i s  completely f r e e  of  pinholes,  it i s  important t o  determine the  con- 
d i t i o n s  of chemical i n t e r a c t i o n  between copper and the  f l u i d .  
t h e i r  contents  a f t e r  heat  t reatment  f o r  144 hours at 300°F are i l l u s t r a t e d  i n  Figure 
21, and the  preliminary r e s u l t s  are summarized i n  Table 12 (which def ines  the  sample 
numbers used i n  Figure 2 1 ) .  
Because no in su la -  
The capsules and 
The conclusion reached from v i s u a l  inspec t ion  ( ana lys i s  has not yet  been 
completed) i s  tha t  copper and mix-4P3E do not i n t e r a c t  when t h e  mix i s  pure and no 
oxygen o r  oxygen source is  p resen t .  
Side r e s u l t s  of t h i s  t e s t  s e r i e s  a r e  conclusions (1) t h a t  magnesium 
oxide w i l l  c l a r i f y  and p u r i f y  mix-4P3E t o  t h e  po in t  of lowering i t s  ac id  number even 
a f t e r  contamination, and ( 2 )  t h a t  mix-4P3E does not  darken as r e a d i l y  a f t e r  t r e a t -  
ment with magnesium oxide.  It i s  bel ieved t h a t  t he  magnesium oxide a c t s  as a s u r -  
f a c t a n t  and e i t h e r  absorbs o r  r e a c t s  wi th  t h e  phenol groups produced by o i l  degrada- 
t i o n .  
H .  SUPPORT WORK FOR CONTROLS GROUP - IMPREGNATION OF INDUCTORS 
Three magnetic inductors  were wound and impregnated wi th  Furane Epocast 
17-A t o  determine poss ib le  degradat ion e f f e c t s  on t h e i r  magnetic p r o p e r t i e s .  The 
ma te r i a l  was selected because of i ts  thermal s t a b i l i t y  ( s e e  Table l), low v i scos i ty ,  
and compat ib i l i ty  with ML-insulated wi re .  A f t e r  impregnation and cure,  t h e  t h r e e  
u n i t s  were temperature-cycled and t e s t e d  f o r  v a r i a t i o n  from the  as-wound condi t ion;  
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TABLE 1 
ORGANIC-RESIN WEIGHT LOSS, FIRST RUN 
(168 HOURS AT 392OF IN A I R )  
Mater ia l  
3M Scotchcast  292 
3M Scotchcast  241 





Furane Epocast 17-B 
Furane Epocast 17-A 
Furane Epo c a s t  3 
W S O ~  7-4252 
GE novolak epoxy 
GE Bisphenyl A epoxy 
DOW Corning Sylgard 182 
DOW Corning Sylgard 183 
. 











S i  li cone -e las t  ome r 
encapsulant 
S i l i cone  -elastomer 
encapsulant 
S i l i cone  impregnating 
r e s i n  



















Because a l l  percentages a r e  re fer red  t o  t h e  organic base, d i f f e rences  i n  f i l l e r  
con ten t s  a r e  not r e f l e c t e d  i n  t h e  loss values .  
Table 1 
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TABLE 3 
STATOmTTE INSULATION SYSTEMS* 
S l o t  Liners and 
Phase Insu la t ion  
%re-ML polyimide-coated 
g l a s s  f ab r i c ,  Du Pont 
Qua l i ty  Code 6508 
Macallen 806P mica-paper 
composite 
F'yre-ML polyimide-coated 
g l a s s  f ab r i c ,  Du Pont 
Qua l i ty  Code 6508 
F'yre-ML coated g l a s s  
f a b r i c ,  Type 6508 
Va mi  sh 
Pyre-ML polyimide 
varn ish ,  Du P m t  Type 
RK-692 
Dow Corning 997 
s i l i c o n e  varnish 
%re -ML polyimide 




(diphenyl oxide ) 
* 
Throughout, magnet-wire i s  Anaconda heavy ML polyimide f i l m  
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v 
T W  4 
STATOREPI3 HML-1 - D-C INSULATION RESISTANCE 
WINDING TO GROUND (AGED IN MIX-5P4E AT 392'F)* 
Resistance 
ohms* 












































9709 9 4301 8.6 x 10 
Re s i  s tance  
ohms* 




8.0 x 10 
1.0 x 10 
8.9 x i o  
* 
Insu la t ion  system: 
in su la t ion  - ML-coated f ibe r -g l a s s  c lo th ;  varn ish  - ML. 
magnet w i r e  - heavy ML over copper; s l o t  l i n e r s  and phase 
* 
Measured with General Radio 544B megohm br idge ;  500 v, dc; 1-min reading. 
given a r e  averages of readings f o r  t h r e e  c o i l  groups. 
Values 
Table 1+ 
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TABLE 5 
STATOREFIX HML-2 - D-C INSULATION RESISTANgE 







































5.0 x io  
Resistance 
ohms* 
11 5.0 x i o  
5 00 
1.25 
1.25 x i o  
9 7.0 x i o  
4.9 x 10 
11 




4.9 x 10 
6.7 x i o  
I 
* 
I n s u l a t i o n  system: magnet wire - heavy ML over copper; slot l i n e r s  and phase 
i n s u l a t i o n  - ML-coated f ibe r -g l a s s  c lo th ;  varnish - ML. 
H 
Measured with General Radio 544B megohm bridge; 500 v, dc; 1-min reading. Values 
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TABLE 6 
S'IIATOFETIT ML/997-1 - D-C INSULATION RFSISTANCE 




5.0 x i o  
I 






















R e s  i stance 
ohms** 
11 5.0 x i o  
11 
5.0 x 10 
1.25 x i o  





5.0 x i o  
11 5.8 x i o  
* 
Insulat ion system: magnet w i r e  - heavy ML over copper;. s l o t  l i n e r s  and phase 
insu la t ion  - mica-paper composite; varnish - Dow Corning 997. 
H 
Measured with General Radio 544B megohm bridge; 500 v, dc; 1-min reading. 
given are averages of readings fo r  th ree  c o i l  groups. 
Values 
Table 6 




STA!I?OREITE ML/g97-2 - D-C INSULATION RESISTANCE 





































9 7.7 x 10 
1.05 x i o  10 

















10 1.3 x i o  




8.3 x i o  
1.1 x 10 
1.1 x 10 
1.2 x 10 







Insu la t ion  system: magnet wire - heavy MIL over copper; s l o t  l i n e r s  and phase 
in su la t ion  - mica-paper composite; varnish - Dow Corning 997. 
** 
Measured with General Radio 544B megohm bridge; 500 v, dc; 1-min reading. 
Values given a re  averages of readings fo r  three c o i l  groups. 
Table 7 




STATORE'JTE ML-3 - D-C INSIJIATION RESISTANCE 














Resistance w ohms 
7 6.6 x 10 
9.1 x ioy 
9.0 x i o  10 
11 2900 9.3 x 10 
3954 
4356 
11 3.5 x 10 
11 3.7 x 10 
* 
Insu la t ion  system: 
i n s u l a t i o n  - %-coated f i b e r - g l a s s  c lo th ;  va rn i sh  - ML. 
Measured wi th  General Radio 544B megohm bridge;  500 v, dc; 1-min reading. 
given a r e  averages of readings f o r  t h ree  c o i l  groups. 
magnet wire - heavy ML over copper; slot l i n e r s  and phase 
I w Values 
Table  8 
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STATOREPIX ML-4 - D-C INSULATION RESISTANCE 







7 4.4 x 10 




















8 5.7 x 10 
2.0 x 10 9 
10 1.7 x io 
* 
Insulat ion system: 
insu la t ion  - ML-coated fiber-glass cloth; varnish - Westinghouse Doryl. magnet wire - heavy ML over copper; s l o t  l i n e r s  and phase 
* 
Measured with General Radio 544B megohm bridge; 500 v, dc; 1-min reading. Values 
given are  averages of readings for three c o i l  groups. 
Table 9 
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T W  10 
STATORlWlE ML-5 - D-C INSULATION RESISTANCE 





















11 7.0 x i o  
I * Insulat ion system: magnet wire - heavy ML over copper; slot l i n e r s  and phase insu la t ion  - ML-coated f iber-glass  c loth;  varnish - ML. 
* 
Measured wi th  General Radio 544B megohm bridge; 500 v, dc; 1-min reading. 
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TABU3 11 
STATO- ML-6 - D-C INSULATION RESISTANT 

















Re s i  s t ance , ohms** 




5.25 x 10 
1.19 x i o  
5.32 x 10 
10 8.0 x i o  
12 1.75 x 10l1 t o  1.0 x 10 
12 3.5 x l o l l  t o  1.0 x 10 
11 
11 
6.5 x i o  





5.0 x i o  
8.7 x 10 
* 
I n s u l a t i o n  system: 
i n s u l a t i o n  - ML-coated f ibe r -g l a s s  c lo th ;  varn ish  - Westinghouse Doryl. 
Measured with General Radio 544B megohm bridge; 500 v, dc; 1-min reading. Values 
given a r e  average of readings f o r  two c o i l  groups. 
magnet wire - heavy ML over copper; s l o t  l i n e r s  and phase I 
a, * 
Table 11 
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Figure 1 
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HOURS 
Analysis of Insulation-Resistance Readings of mM-2 et 45OoF 
(Insulation-Resistance Design Requirement E lo6 ohms) 
Figure 2 
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S i z e  1 2  Terminal for NaK PMA, -1 Model 
Figure 3 
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Figure 5 




















I F i r s t  HRL S t a t o r  i n  Housing - Opposite Connection End 
Figure 6 
. Report No. 2880, V o l .  I 
F i r s t  HRL Stator i n  Housing - Connection End 
Figure 7 
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Figure 9 
R e p o r t  No. 2880, V o l .  I 
Figure 10 
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Trial HRL Encapsulated Stator A f t e r  406 Hours at 1000°F 
Figure 11 
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Figure 13 
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HRL- 1, Opposite Connection End A f t e r  Grinding of Ceramic Encapsulant 
Figure 14 





HRL-1, Connection End After Grinding of Ceramic Encapsulant 
Figure 15 
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Figure 17 
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Terminal Ready f o r  Long-Term Vacuum Aging a t  1000°F 
Figure 19 
c 
Report No. 2880, Vol.  I 
Terminal Test  a t  1000°F and 1 x Torr Vacuum, Measured by 
Illumination of Sealed Glass Tube by Tesla  C o i l  
Figure 20 
. 
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Figure 21 
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NASA CO"I!F&CTOR WPORT 
SNAP-8 MATERIALS REPORT FOR JANUARY-JUNE 1964 
VOL. I - ELECTRICAL INSULATION DEVELOPMENT 
Aerojet-General Corporation 
ABSTRACT 
The purposes of t h e  SNAP-8 E l e c t r i c a l  In su la t ion  Development Program 
are (1) t o  s e l e c t ,  test, and evaluate  i n s u l a t i n g  ma te r i a l s  and systems a p p l i -  
cab le  t o  SNAP-8 components, ( 2 )  t o  f a b r i c a t e  inorganic  i n s u l a t i o n  systems f o r  
t h e  NaK pump-motor assemblies, and ( 3 )  t o  coordinate  Aerojet-General and 
subcontractor  a c t i v i t i e s  i n  e l e c t r i c a l  i n su la t ion .  During t h i s  r e p o r t  period, 
prev ious ly  developed in su la t ion  systems were appl ied  t o  SNAP-8 hardware 
t h e  results were s tudied.  The f irst  inorganic- insulated s t a t o r  w a s  completed, 
and Aerojet-designed te rmina l  i n su la to r s  were received. 
and 
Abs t rac t  
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